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(54) METHOD OF PRODUCING ANNEAL WAFER AND ANNEAL WAFER 



(57) The present invention provides an annealed 
wafer manufacturing method using a heat treatment 
method causing no change in resistivity of a wafer sur- 
face even when a silicon wafer having boron deposited 
on a surface thereof from an environment is subjected 
to heat treatment in an insert gas atmosphere and ena- 
bling the heat treatment in an ordinary diffusion furnace 
not requiring a sealed structure for increasing airtight- 
ness nor any specific facility such as explosion-proof fa- 
cility. The present invention also provides an annealed 



wafer in which a boron concentration in the vicinity of a 
surface thereof is constant and crystal defects are an- 
nihilated. In the annealed wafer manufacturing method, 
a silicon wafer having a natural oxide film formed on a 
surface thereof with boron deposited thereon from an 
environment is subjected to heat treatment in an atmos- 
phere containing hydrogen gas to remove the deposited 
boron before the natural oxide film is removed, and then 
is subjected to heat treatment in an inert gas atmos- 
phere. 
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Description 

Technical Field: 

[0001] The present invention relates to an annealed 5 
wafer manufacturing method enabling suppression of a 
change in resistivity due to an increase in a boron con- 
centration in the vicinity of a surface of a wafer which is 
annealed in an atmosphere of 100% inert gases such 
as argon, and to a high quality annealed wafer manu- 
factured by the manufacturing method having a con- 
stant boron concentration in the vicinity of the wafer sur- 
face with crystal defects being annihilated. 

Background Art: 

[0002] A silicon wafer (hereinafter may be simply re- 
ferred to as a "wafer") is required to have no crystal de- 
fects in an active layer of a device from the viewpoint of 
device characteristics. To satisfy this requirement, there 
has been used an annealed wafer manufactured by an- 
nealing a wafer at a high temperature to reduce crystal 
defects. The wafer is, however, apt to be easily contam- 
inated by boron present in an environment (in peripheral 
air) to which the silicon wafer is exposed. For instance, 
boron is released as a compound such as an oxide 
(hereinafter may be referred to as "deposited boron" or 
simply as "boron") from air filters used in a clean room, 
and the boron is deposited on a surface of a wafer left 
in the clean room. 

[0003] When the wafer as described above is subject- 
ed to heat treatment with inert gases such as argon gas, 
boron deposited on the surface is not removed, and is 
diffused into the wafer to change resistivity in the vicinity 
of the wafer surface. 

[0004] As a measure against boron present in an en- 
vironment of a clean room, sometimes boron absorption 
filters or boron I ess filters are used for all air filters in the 
clean room, but it is necessary to frequently exchange 
the expensive filters with new ones, which results in a 
cost increase, and in addition even use of the filters as 
described above can not eliminate boron contamination 
completely. 

[0005] On the other hand, when annealing is per- 
formed with hydrogen, boron dopant originally present 
inside the wafer easily outdiffuses, and further boron de- 
posited on the surface evaporates or flies without diffus- 
ing into the wafer even by annealing, so that the boron 
concentration in the vicinity of the wafer surface de- 
creases with the resistivity becoming problematically 
higher. To perform hydrogen treatment at a high temper- 
ature, a safeguard or the like is required to prevent ex- 
plosion of hydrogen, which may raise such problems as 
a cost increase and a productivity decrease. 
[0006] There is a method in which diluted hydrofluoric 
acid is used in the final stage of cleaning before anneal- 
ing as proposed by the present applicant as a measure 
against boron contamination from such an environment 



(Japanese Patent Application No. 92155/2000).' Al- 
though this method is extremely useful from the view- 
point of prevention of boron contamination, there is a 
problem with the method from the viewpoint of deposi- 
tion of particles. Namely even if the final cleaning is per- 
formed with diluted hydrofluoric acid and then the wafer 
is cleaned with water, particles deposited in the diluted 
hydrofluoric acid are hardly cleaned down, and are car- 
ried up to the annealing step, so that, when the wafer is 
annealed, baking of the particles takes place to possibly 
cause a yield drop in fabrication of devices. 
[0007] On the other hand, there has been proposed 
a method of reducing boron at an interface between an 
epitaxial layer and a bulk crystal in an epitaxial wafer (J. 
Robbins, A. J. Pidduck, J. L. Glasper, and I. M. Young, 
Appl. Phys. Lett. 55(12) 18 September 1988). This 
method is characterized in that 100% hydrogen is used 
and the processing is performed in a depressurized 
state. Therefore, if it is tried to carry out the processing 
using an ordinary diffusion furnace, a safeguard for us- 
ing hydrogen and facilities for performing the processing 
in a depressurized state are required, and therefore the 
method cannot be applied in a furnace not equipped with 
such facilities. 

[0008] When an annealed wafer is manufactured in 
an atmosphere of hydrogen or inert gases represented 
by argon, generally a mirror-polished wafer to be an- 
nealed is prepared, contaminants such as heavy metals 
and organic materials deposited on the wafer surface 
are removed by wet cleaning and dried, and then the 
wafer is loaded into a heat treatment furnace. 
[0009] When a mirror-polished silicon wafer is 
cleaned, a cleaning liquid (a chemical liquid) of various 
compositions is used, and a general cleaning method is 
of a proper combination of SC-1 (a liquid mixture of am- 
monia, hydrogen peroxide and water) cleaning, DHF (a 
diluted hydrofluoric acid aqueous solution) cleaning, 
and SC-2 (a liquid mixture of hydrogen chloride, hydro- 
gen peroxide and water) cleaning, but when the DHF 
cleaning liquid is used as a cleaning liquid in the final 
stage of a sequence of cleaning steps, a natural oxide 
film on the wafer surface is removed with an active hy- 
drophobic silicon surface being exposed, so that such 
troubles as deposition of particles or absorption of Cu, 
etc. easily occur. 

[0010] Therefore, SC-1 or SC-2 is generally used in 
the final stage of the cleaning steps for the purpose to 
provide a hydrophilic wafer surface with a natural oxide 
film formed with the cleaning liquid thereon. This prac- 
tice is also followed in wet cleaning performed before 
the wafer to be annealed is loaded into a heat treatment 
furnace, and after the wafer surface is finished to a hy- 
drophilic one with a natural oxide film being formed ther- 
eon by cleaning, the wafer is loaded into a heat treat- 
ment furnace. 

[001 1] When the wafer is annealed in argon at a high 
temperature as described above, however, if boron has 
been deposited on the wafer before being subjected to 
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annealing, the boron diffuses into the wafer by anneal- 
ing with resistivity of the wafer surface being changed. 
When the resistivity of the wafer surface changes, in the 
case of, for instance, a MOS device, the on-off threshold 
voltage changes, which may not meet standard require- 5 
ments. At the same time, various electric characteristics 
thereof also change. 

[0012] In other words, when a wafer having boron de- 
posited on a surface thereof is annealed in argon at a 
high temperature, crystal defects in the vicinity of the 10 
wafer surface are removed as in the case of annealing 
with hydrogen, so there is provided an advantage that 
the device characteristics are improved, but when the 
wafer surface is contaminated with boron, undesirable 
effects such as divergence of electric characteristics *5 
from the designed values occur, which may spoil a de- 
sirable improvement effect of the crystal quality in the 
vicinity of the wafer surface by annealing. 

Disclosure of the Invention: 20 

[0013] The present invention was made to solve the 
problems as described above, and it is an object of the 
present invention to provide an annealed wafer manu- 
facturing method using a heat treatment method caus- 25 
ing no change in resistivity of a wafer surface even when 
a silicon wafer having boron deposited on a surface 
thereof from an environment is subjected to heat treat- 
ment in an inert gas atmosphere and enabling the heat 
treatment in an ordinary diffusion furnace not requiring 30 
a sealed structure for increasing airtightness nor any 
specific facility such as an explosion-proof facility, and 
also to provide an annealed wafer in which a boron con- 
centration in the vicinity of a surface thereof is constant 
and crystal defects are annihilated. 35 
[0014] To achieve the object described above, an an- 
nealed wafer manufacturing method according to the 
present invention comprises the steps of subjecting a 
silicon wafer having a natural oxide film formed on a sur- 
face thereof with boron deposited from an environment *o 
to heat treatment (first heat treatment) in an atmosphere 
containing hydrogen gas, thereby the deposited boron 
being removed before the natural oxide film is removed; 
and subjecting the wafer to heat treatment (second heat 
treatment) in an inert gas atmosphere. *5 
[0015] As described later, boron deposited on a sur- 
face of a wafer from an environment hardly diffuses into 
the wafer when a natural oxide film is present on the 
wafer surface. Therefore, when the second heat treat- 
ment is performed after the deposited boron is removed 50 
by making use of the effect by hydrogen gas in the state 
where the natural oxide film is present, it is possible to 
prevent a resistivity change in the vicinity of the wafer 
surface due to the second heat treatment. In this case, 
if the hydrogen gas concentration in the first heat treat- 55 
ment is equal to or lower than a lower explosion limit 
thereof (about 4%), the sealed structure for increasing 
airtightness in a heat treatment furnace or an explosion- 
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proof facility as a measure at the time of the explosion 
is not required, and an atmospheric pressure furnace 
can be used, which is advantageous in safety as well as 
cost. It should be noted that the sufficient effect may not 
be expected when the hydrogen concentration is less 
than 0.1%. 

[0016] When the first heat treatment is performed in 
a mixed gas atmosphere of hydrogen gas having a con- 
centration equal to or lower than the lower explosion lim- 
it thereof and argon gas. the deposited boron is removed 
due to the effect of the hydrogen gas and at the same 
time the natural oxide film is removed due to the effect 
of the argon gas, so that it is necessary to remove the 
deposited boron before the natural oxide film is com- 
pletely removed. For that purpose, requirements for the 
first heat treatment should be preferably in the heat 
treatment temperature range of 900 to 1100 °C, and in 
the heat treatment time range of 5 to 60 minutes. 
[0017] It should be noted that the first heat treatment 
as described above can be performed as a temperature 
raising process in the second heat treatment. The an- 
nealed wafer manufactured by the annealed wafer man- 
ufacturing method as described above is a high quality 
annealed wafer in which a boron concentration in the 
vicinity of the wafer surface is constant and crystal de- 
fects are annihilated. 

[0018] On the other hand, the second heat treatment 
is to annihilate crystal defects in the vicinity of the wafer 
surface, and is performed in an inert gas atmosphere in 
the temperature range of 1100 to 1300 °C. It should be 
noted that the inert gas atmosphere used in the present 
invention includes atmospheres of a 100% inert gas 
such as argon and a mixture of an inert gas and hydro- 
gen gas having a concentration equal to or lower than 
the lower explosion limit thereof. 
[0019] The process of the inventive activities of the 
present inventors concerning the present invention is 
described in detail below. 

[0020] Taking into consideration the difficulty of com- 
pletely eliminating boron contamination from an envi- 
ronment, the present inventors have examined heat 
treatment methods not affecting resistivity of an an- 
nealed wafer even when boron is deposited on a surface 
thereof, and as a result of the examination the present 
invention has been completed aiming at the fact that 
heat treatment in argon gas and that in hydrogen gas 
are opposite to each other in terms of increase and de- 
crease of resistivity of a wafer surface. 
[0021] Namely the present inventors conceived that 
a high quality annealed wafer could be obtained by 
evaporating boron deposited on a wafer surface by 
means of heat treatment with hydrogen gas and then 
subjecting the wafer to the heat treatment for annihilat- 
ing crystal defects with argon gas without changing re- 
sistivity in the vicinity of the wafer surface. 
[0022] To perform annealing with hydrogen gas, how- 
ever, a sealed structure for increasing airtightness in a 
heat treatment furnace or a measure at the time of the 
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explosion is required as described above, which is dis- 
advantageous in cost. 

[0023] Then the present inventors carried out the ex- 
periments described below to confirm whether it is pos- 
sible or not to remove the deposited boron by using ar- 5 
gon gas atmosphere containing hydrogen gas of a con- 
centration equal to or lower than the lower explosion lim- 
it thereof as a heat treatment atmosphere for removing 
the deposited boron. As a result, the present inventors 
newly discovered the phenomenon that, only when a 10 
heat treatment temperature in the argon gas atmos- 
phere containing the hydrogen gas of a concentration 
equal to or lower than the lower explosion limit thereof 
is set to a specific temperature range as shown in Fig. 
4 (the temperature range of 900 to 1100 °C, and prefer- *5 
ably 950 to 1050 °C as shown in Fig. 4), the resistivity 
of the original wafer is maintained. 
[0024] This phenomenon can be considered as de- 
scribed below. If a silicon wafer having a natural oxide 
film formed on a surface thereof with boron deposited 20 
from an environment is subjected to heat treatment (first 
heat treatment) in a mixed gas atmosphere of hydrogen 
and argon,. when the heat treatment temperature is low, 
removal of the deposited boron by evaporation or flying 
is not sufficient, so that the deposited boron diffuses into 25 
the wafer with the subsequent high temperature heat 
treatment in argon atmosphere and then resistivity in the 
vicinity of the wafer surface drops. 
[0025] On the other hand, when a heat treatment tem- 
perature of the first heat treatment is higher than 1100 30 
°C, and, more strictly speaking, higher than 1050 °C, as 
the etching rate to the natural oxide film becomes ex- 
tremely large due to the effect of the argon gas in the 
mixed gas, the natural oxide film is removed before the 
boron deposited on the surface is removed. It can be 35 
considered that, as a result, the deposited boron be- 
comes easier to diffuse into the wafer, or reacts with a 
silicon atom to form a compound and become harder to 
be removed, and then diffuses into the wafer by the sub- 
sequent heat treatment in the argon atmosphere with *o 
resistivity thereof being dropped. 
[0026] In contrast, it is supposed that, when the first 
heat treatment is performed in the temperature range of 
900 °C to 1100 °C, preferably 950 °C to 1050 °C, an 
etching rate to the natural oxide film is not so high, so 
that the deposited boron is removed by evaporation or 
flying before the natural oxide film is removed; therefore 
the deposited boron is not present at all on the wafer 
surface in the subsequent heat treatment in the argon 
atmosphere, resistivity thereof being not changed. so 
[0027] As understood from the reasoning above, an 
appropriate heat treatment temperature and a heat 
treatment time of the first heat treatment are parameters 
dependent on a thickness of a natural oxide film or a 
quantity of deposited boron on a wafer, and in addition, 55 
the thickness of the natural oxide film and the quantity 
of the deposited boron change according to cleaning 
conditions, a left time of the wafer in an environment or 



the like before the heat treatment, so that the parame- 
ters can not be decided easily. When deciding these pa- 
rameters, it should be required to set cleaning condi- 
tions, a left time of the wafer, and heat treatment condi- 
tions after the first heat treatment on the basis of an ac- 
tual annealed wafer manufacturing process, and then to 
experimentally set conditions for the first heat treatment 
causing no change in resistivity after the heat treatment. 
[0028] In the experiment described below as an ex- 
ample, even when the first heat treatment was per- 
formed in the temperature range of 950 to 1050 °C, re- 
sistivity of the silicon wafer did not change, and at the 
temperatures of 900 °C or 1100 °C, the resistivity 
changed only a little, and therefore it can be considered 
that, when the first heat treatment is performed in the 
temperature range of 900 to 1100 °C, a resistivity 
change of a wafer can be prevented by adjusting the 
heat treatment time in the range of the order of 5 to 60 
minutes. 

Brief Description of the Drawings: 
[0029] 

Fig. 1 is a time chart showing an example of a heat 
treatment sequence in an annealed wafer manufac- 
turing method according to the present invention; 
Fig. 2 is a time chart showing another example of a 
heat treatment sequence in an annealed wafer 
manufacturing method according to the present in- 
vention; 

Fig. 3 is a graph showing the relationship between 
a left time and a concentration of deposited boron 
in terms of a wafer which is left in a clean room in 
Experimental Example 1; and 
Fig. 4 is a graph showing the relationship between 
resistivity of a surface of a wafer having been sub- 
jected to heat treatment and a first heat treatment 
temperature in Experimental Example 1 . 

Best Mode for Carrying Out the Invention: 

[0030] Embodiments of the present invention are de- 
scribed below with reference to Fig. 1 and Fig. 2 each 
showing an example of a heat treatment sequence in 
the method according to the present invention. It is 
needless to say that various modifications other than 
those shown in the figures are possible without depart- 
ing from the technical idea of the present invention. 
[0031] As a wafer to be subjected to heat treatment, 
there is used one which is subjected to standard clean- 
ing to form a natural oxide film of several to several tens 
angstroms in thickness on a surface thereof and is con- 
taminated with boron deposited from an environment. 
Argon gas is preferable as an insert gas to be used, but 
other gases such as helium, neon, krypton, or a mixture 
thereof may be used. 

[0032] Fig. 1 is a time chart showing an example of a 
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heat treatment sequence in the method according to the 
present invention in a state in which treatment temper- 
atures, treatment steps, and atmospheric gases are il- 
lustrated separately. The figure shows a case where the 
first heat treatment is performed keeping the tempera- 5 
ture at a constant level (1000 °C). The heat treatment 
sequence shown in Fig. 1 is as described below. 

(D After a wafer is loaded into a heat treatment fur- 
nace at the temperature of 600 °C, the furnace is 10 
purged with argon gas (Loading step in Fig. 1 ). Any 
inert gas may be used as the atmospheric gas, but 
argon gas is preferable. 

@ Hydrogen gas is added to the argon gas at the 
flow rate ratio of 3%, and the temperature is raised 15 
from 600 °C to 1000 °C (Temperature raising step). 
An added quantity of the hydrogen gas is preferably 
equal to or lower than the lower explosion limit 
thereof(about 4%) and 0.1% or higher. When the 
concentration of the hydrogen gas is in this range, 20 
it is not necessary to provide an explosion-proof fa- 
cility, and an atmospheric pressure furnace can be 
used, which is advantageous in cost and safety. The 
temperature should be raised up to the first heat 
treatment temperature(900 °C to 1100 °C). 25 
® The wafer is stayed in the heat treatment fur- 
nace for 30 minutes with the above-described at- 
mosphere (97% Ar + 3% H 2 ) at 1000 °C (First heat 
treatment step). This first heat treatment is per- 
formed to remove boron deposited from an environ- 30 
ment from a surface of the wafer, and the heat treat- 
ment is preferably performed for 5 to 60 minutes in 
the hydrogen-containing atmosphere in the range 
of 900 °C to 1100 °C. Namely in this temperature 
range, if the heat treatment time is less than 5 min- 35 
utes, removal of boron may be insufficient, but if the 
heat treatment time is about 60 minutes, almost all 
boron contamination can fully be removed. 
® Addition of the hydrogen gas in the above-de- 
scribed atmosphere is stopped, so that the atmos- *o 
phere is changed to a 100% argon gas atmosphere 
and the temperature is raised from 1000 °C to 1200 
°C (Temperature raising step). The temperature 
should be raised to the second heat treatment tem- 
perature (about 1200 °C). The second heat treat- 45 
ment may be performed without stopping addition 
of the hydrogen gas in the first heat treatment. 
© The wafer is stayed in the heat treatment fur- 
nace with the above-described atmosphere (100% 
Ar or Ar + an extremely small quantity of H 2 ) for 60 50 
minutes at 1200 °C (Second heat treatment step). 
This second heat treatment is performed to annihi- 
late crystal defects of the wafer, and may be per- 
formed for 30 minutes to 5 hours in the temperature 
range of the order of 1100 to 1300 °C as conven- 55 
tional. 

© The temperature is lowered from 1200 °C to 600 
°C (Temperature lowering step), and then the wafer 
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is taken out from the heat treatment furnace (Taking 
out step). 

[0033] Fig. 2 is a time chart similar to Fig. 1, showing 
another example of the heat treatment sequence in the 
method according to the present invention. The figure 
shows a case where the first heat treatment is per- 
formed while raising the temperature (from 950 °C to 
1050 °C). The heat treatment sequence shown in Fig. 
2 is different from that in Fig. 1 only in the points that the 
temperature is raised from 600 °C to 950 °C in the tem- 
perature raising step (2) in Fig. 1 , and that, instead of 
keeping the temperature at a constant level (1000 °C) 
in the first heat treatment step® in Fig. 1 , the first heat 
treatment is performed while raising the temperature 
from 950 °C to 1050 °C (at the temperature raising rate 
of 3.3 °C/minute), and other steps and conditions are 
the same as those described above, so that second de- 
scription thereof is omitted. 

[0034] In the heat treatment sequence shown in Fig. 
2, the first heat treatment is performed as a temperature 
raising process in the second heat treatment, and in this 
case, it is advantageous that the temperature can effi- 
ciently and quickly be raised to the heat treatment tem- 
perature of the second heat treatment. It should be not- 
ed that the temperature raising rate in the first heat treat- 
ment may be set so that the heat treatment can be per- 
formed for 5 to 60 minutes in the temperature range of 
950 to 1050 °C. 

Examples 

[0035] The present invention is described in further 
details with reference to an experimental example. 

(Experimental Example 1) 

[0036] After silicon wafers each having a diameter of 
150 mm, a conductivity type of p-type, a crystal axis ori- 
entation of<100>, and resistivity of 10 CI * cm were 
cleaned according to the standard cleaning (SC-1, SC- 
2 and SC-1 ), the wafers were left for 24 hours in a clean 
room. Boron deposited on the wafers was recovered in- 
to a solution by a vapor phase decomposition method, 
and the solution was measured by atomic absorption 
spectroscopy to calculate a quantity of deposited boron. 
[0037] As a result, it was found that a quantity of boron 
deposited on the wafer left in the clean room was satu- 
rated when the left time is three hours or more (see Fig. 
3). Thus the left time in the clean room after cleaning 
the wafer was set to three hours; a plurality of wafers 
each left for three hours was prepared, and the wafers 
were subjected to heat treatment. This heat treatment 
sequence was the same as that consisting of the steps 
© to <D shown in Fig. 1 excluding the point that the 
temperature of the first heat treatment was set to various 
temperatures in the range of 700 to 1200 °C as shown 
in Fig. 4, so second description of the specific proce- 
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dures and conditions thereof is omitted. 
[0038] Resistivity of a surface of the wafer having 
been subjected to the heat treatment following the steps 
© to (§) above was measured with a SCP (Surface 
Charge Profiler), and the result is shown in Fig. 4. From 
the result shown in Fig. 4, it is revealed that the resistivity 
peak of the wafer is equivalent to that of the original wa- 
fer when the temperature of the first heat treatment is in 
the range of 950 to 1050 °C, that the resistivity change 
is small when the temperature of the first heat treatment 
is 900 °C or 1100 °C, and that the resistivity drops in 
comparison with that of the original wafer at other tem- 
peratures (namely, that boron deposited on the surface 
diffuses into the wafer). 

[0039] It was also confirmed that in all of the annealed 
wafers subjected to the above heat treatment crystal de- 
fects are annihilated, and that the performance of the 
first heat treatment did not give any effect on annihilation 
of crystal defects. 

[0040] Resistivity of the same sample as that used in 
this experimental example above was measured by sec- 
ondary ion mass spectroscopy (SIMS) and C-V meas- 
urement, and similar results were obtained. Therefore, 
it was found out that, when the temperature of the first 
heat treatment is in the range of the order of 900 to 1100 
°C, a resistivity change of a wafer can effectively be pre- 
vented by controlling a heat treatment time in the range 
of 5 to 60 minutes. 

Capability of Exploitation in Industry: 

[0041] With the annealed wafer manufacturing meth- 
od according to the present invention, it is possible to 
provide a remarkable effect that, even when a silicon 
wafer having boron deposited on a surface thereof from 
an environment is subjected to heat treatment in an inert 
gas atmosphere, there is no occurrence of a resistivity 
change of the wafer surface. Further the heat treatment 
by the method according to the present invention can 
be performed in an ordinary diffusion furnace not requir- 
ing a sealed structure for increasing airtightness nor any 
specific facility such as an explosion-proof facility, and 
therefore a relatively cheap heat treatment furnace can 
be used, which is substantially advantageous in cost. 
[0042] Further the annealed wafer according to the 
present invention is of high quality and has a constant 
boron concentration in the vicinity of a wafer surface with 
crystal defects being annihilated, and is preferably used 
for fabricating devices with excellent characteristics. 



Claims 

1 . An annealed wafer manufacturing method compris- 
ing the steps of: 

subjecting a silicon wafer having a natural oxide 
film formed on a surface thereof with boron de- 



posited from an environment to heat treatment 
in an atmosphere containing hydrogen gas, 
thereby the deposited boron being removed be- 
fore the natural oxide film is removed; and 
5 subjecting the wafer to heat treatment in an in- 

ert gas atmosphere. 

2. An annealed wafer manufacturing method accord- 
ing to claim 1 , wherein the inert gas is argon gas. 

10 

3. An annealed wafer manufacturing method accord- 
ing to claim 1 or 2, wherein the atmosphere contain- 
ing the hydrogen gas is a mixed gas atmosphere of 
hydrogen gas having a concentration equal to or 

15 lower than a lower explosion limit thereof and argon 
gas. 

4. An annealed wafer manufacturing method accord- 
ing to claim 3, wherein the heat treatment in the at- 

20 mosphere containing the hydrogen gas is per- 
formed for 5 to 60 minutes in the temperature range 
of 900 to 1100 °C. 

5. An annealed wafer manufacturing method accord- 
25 jng to any one of claims 1 to 4, wherein the heat 

treatment in the atmosphere containing the hydro- 
gen gas is performed while raising the temperature. 



6. An annealed wafer manufactured by the manufac- 
30 turing method according to any one of claims 1 to 
5, wherein a boron concentration in the vicinity of a 
wafer surface is constant and crystal defects are an- 
nihilated. 
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FIG. 3 
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